To determine the role of preload in maintaining the en• hanced stroke volume of upright exercise-trajned en• durance athletes after deconditioning, six highly trained subjects undergoing upright and supine bicycle ergo• metry were characterized before and after 3, 8 and 12 weeks of inactivity that reduced oxygen uptake by 20%. During exercise, oxygen uptake, cardiac output by car• bon dioxide rebreathing, cardiac dimensions by M-mode echocardiography, indirect arterial blood pressure and heart rate were studied simultaneously. Two months of inactivity resulted in a reduction in stroke volume, cal• culated as cardiac output/heart rate, during upright ex• ercise (p < 0.005) without a significant change during supine exercise. A concomitant decrease in the left ven• tricular end-diastolic dimension from the trained to the deconditioned state was observed in the upright posture (5.1 ± 0.3 versus 4.6 ± 0.3 cm; p = 0.02) but not with Endurance exercise training increases maximal cardiac out• put and stroke volume during exercise (1-4). Both decrease with subsequent bed rest (3). The mechanisms responsible for these changes are controversial but include improvement in left ventricular contractile function, augmented preload, reduced afterload or a combination of these factors. Some investigators have reported trained human subjects (5-7) to have higher cardiac filling pressures and a larger left ven• tricular end-diastolic volume due to eccentric cardiac hy- Thus, the endurance-trainelf state for upright exer• cise is associated with a greater stroke volume during upright exercise because of augmented preload. Despite many years of intense training, inactivity for only a few weeks results in loss of this adaptation in conjunction with regressioQ of left ventricular hypertrophy. (J Am Coil CardioI1986;7:982-9) pertrophy, whereas studies in conditioned animals (8,9) have indicated that improved diastolic function may partially ac• count for their higher stroke volume. A few investigators (10, 11) have not observed cardiac enlargement after train• ing. Variability in loading conditions attributable to differ• ences in posture is one explanation for this apparent dis• crepancy. Thus, in previous studies (6,12) some subjects trained or were tested in the upright posture and others during recumbency. Analysis was often cross-sectional, and differences among subjects may have been inherited rather than acquired. To our knowledge, left ventricular size and function dur• ing exercise under different preloads have not been char• acterized at comparable heart rate and mean blood pressure in the same subjects in the trained and untrained states. Nor has the effect of deconditioning been delineated in subjects who have been training intensely for many years. Our ob• jectives were to define the role of cardiac loading conditions and left ventricular performance in mediating the enhanced exercise stroke volume of endurance athletes and to char• acterize the rate and extent to which these adaptations are lost during inactivity. Using two independent noninvasive 0735-1097/86/$3.50 lACC Vol 7, No 5 May 1986982-9 techniques, we assessed cardiac output and cardiac dimen• sions simultaneously during upright and supine bicycle er• gometry in six highly trained subjects before and at selected intervals during a detraining regimen that resulted in a 20% decrease in maximal oxygen uptake,
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To determine the role of preload in maintaining the en• hanced stroke volume of upright exercise-trajned en• durance athletes after deconditioning, six highly trained subjects undergoing upright and supine bicycle ergo• metry were characterized before and after 3, 8 and 12 weeks of inactivity that reduced oxygen uptake by 20%. During exercise, oxygen uptake, cardiac output by car• bon dioxide rebreathing, cardiac dimensions by M-mode echocardiography, indirect arterial blood pressure and heart rate were studied simultaneously. Two months of inactivity resulted in a reduction in stroke volume, cal• culated as cardiac output/heart rate, during upright ex• ercise (p < 0.005) without a significant change during supine exercise. A concomitant decrease in the left ven• tricular end-diastolic dimension from the trained to the deconditioned state was observed in the upright posture (5.1 ± 0.3 versus 4.6 ± 0.3 cm; p = 0.02) but not with Endurance exercise training increases maximal cardiac out• put and stroke volume during exercise (1) (2) (3) (4) . Both decrease with subsequent bed rest (3) . The mechanisms responsible for these changes are controversial but include improvement in left ventricular contractile function, augmented preload, reduced afterload or a combination of these factors. Some investigators have reported trained human subjects (5-7) to have higher cardiac filling pressures and a larger left ven• tricular end-diastolic volume due to eccentric cardiac hy-recumbency (5.4 ± 0.2 versus 5.1 ± 0.3 cm; p = NS).
There was a strong correlation between left ventricular end-diastolic dimension and stroke volume (r > 0.80) in all subjects. No significant changes in percent fractional shortening or left ventricular e~d-systolic dimension oc• curred in either position after cessation of training. Es• timated left ventricular mass was 20% lower after 3 and 8 weeks of inactivity than when the subjects were con• ditioned (p < 0.05 for both).
Thus, the endurance-trainelf state for upright exer• cise is associated with a greater stroke volume during upright exercise because of augmented preload. Despite many years of intense training, inactivity for only a few weeks results in loss of this adaptation in conjunction with regressioQ of left ventricular hypertrophy.
(J Am Coil CardioI1986; 7:982-9) pertrophy, whereas studies in conditioned animals (8, 9) have indicated that improved diastolic function may partially ac• count for their higher stroke volume. A few investigators (10, 11) have not observed cardiac enlargement after train• ing. Variability in loading conditions attributable to differ• ences in posture is one explanation for this apparent dis• crepancy. Thus, in previous studies (6, 12) some subjects trained or were tested in the upright posture and others during recumbency. Analysis was often cross-sectional, and differences among subjects may have been inherited rather than acquired. To our knowledge, left ventricular size and function dur• ing exercise under different preloads have not been char• acterized at comparable heart rate and mean blood pressure in the same subjects in the trained and untrained states. Nor has the effect of deconditioning been delineated in subjects who have been training intensely for many years. Our ob• jectives were to define the role of cardiac loading conditions and left ventricular performance in mediating the enhanced exercise stroke volume of endurance athletes and to char• acterize the rate and extent to which these adaptations are lost during inactivity. Using two independent noninvasive techniques, we assessed cardiac output and cardiac dimen• sions simultaneously during upright and supine bicycle er• gometry in six highly trained subjects before and at selected intervals during a detraining regimen that resulted in a 20% decrease in maximal oxygen uptake,
Methods
Subjects, training and detraining regimens. Six highly trained healthy subjects, aged 26 ± 1 years (mean ± SE), participated in the study, Five were men and one was a woman, There were two bicyclists and four runners. Three of the latter group were former members of a collegiate track team and, at the time of the study. were regarded as quite successful in large local competitive events, Electro• cardiograms at rest demonstrated typical findings observed in endurance athletes (13) and included wandering atrial pacemaker in two subjects, ST segment elevation (2: 1 mm) in three and sinus bradycardia « 60 beats/min) with pro• nounced sinus arrhythmia in all six, Voluntary written in• formed consent was obtained from all subjects after approval of the study by the Washington University Human Studies Committee.
Before cessation of regular activity, all subjects trained approximately 1 hour a day, 5 to 7 days a week, for an average of 10 ± 3 years. This included high intensity in• terval training, 2 to 3 times a week, in the 6 months im• mediately preceding inactivity. During deconditioning, sub• jects were frequently reminded to restrict exertion to the minimum compatible with sedentary daily living. Bed rest was limited to normal nighttime hours.
Maximal oxygen uptake. Maximal oxygen uptake was measured in all subjects on the last day of training and after 3 and 8 weeks of inactivity. In five subjects, additional measurements were made at 12 weeks. Subjects were stud• ied in the upright posture on both a Quinton Instrun1ents electronically braked bicycle ergometer and a motor-driven treadmill. Expired air was collected in meteorologic bal• loons while the subjects breathed through a mouthpiece connected to a Daniel valve. Oxygen and carbon dioxide concentrations in expired air were measured with a Perkin Elmer 1100 mass spectrometer, and ventilatory volumes with a Parkinson-Cowan dry gas meter calibrated with a Tissot spirometer. An incremental protocol resulting in ex• haustion after 5 to 10 minutes was selected. Maximal oxygen uptake was defined as the highest oxygen uptake value ob• served on either the bicycle or the treadmill. The leveling off criterion (that is, no further rise in oxygen uptake with an increased work rate) was satisfied in all subjects.
Cardiac output, heart rate, stroke volume and blood pressure. Cardiac output (Q) was determined as previously described (14) , using the carbon dioxide (C0 2 ) rebreathing technique of Defares (15) content. Carbon dioxide production was calculated from mass spectrometric and dry gas meter measurements on expired air. Arterial carbon dioxide content was estimated from the corrected end tidal partial pressure of carbon diox• ide as described by Paterson et a1. (17) . Venous carbon dioxide content was calculated with a computer system (18) by extrapolation to equilibrium of the exponential rise of the end tidal partial pressure of carbon dioxide from breaths 3, 4 and 5 during rebreathing of carbon dioxide from a closed system anesthesia bag containing initial concentra• tions of 5% carbon dioxide and 95% oxygen (19) . With subjects performing both upright and supine submaximal bicycle exercise, two to four nearly simultaneous determi• nations of cardiac output and oxygen uptake were made at each of two to three steady state work rates lasting approx• imately 10 minutes each and interspersed with short rest intervals (10 minutes). Work rate progressed in intensity but never beyond the point of hyperventilation, at which time measurement of cardiac output with the technique used might be inaccurate because of lack of equilibrium between arterial and end tidal carbon dioxide (20) .
Heart rate was calculated from at least three consecutive RR intervals of the electrocardiogram taken during maximal or submaximal exercise. Cardiac output and electrocardio• graphic heart rate were consistently determined simulta• neously. Stroke volume was calculated as cardiac out• put/heart rate.
Blood pressure was obtained by the cuff method simul• taneously with measurement of cardiac output. Systolic blood pressure was defined by the onset of Korotkoff sounds and diastolic blood pressure by their complete disappearance. Mean blood pressure was calculated from the equation: 1/3 (systolic blood pressure + 2 x diastolic blood pressure).
Total peripheral resistance was determined as: total pe• ripheral resistance (dynes.s-cm -5) = (mean blood pressure x 80)/cardiac output.
To avoid the occurrence of hyperventilation that might preclude accurate measurement of cardiac output, higher work rates were reduced in some subjects at 2 and 3 months of inactivity. In young normal subjects, stroke volume dur• ing upright exercise is nearly constant over a wide range of heart rates (that is, between approximately 40 and 100% of maximal effort) (21) . Therefore, stroke volume values from all work rates were averaged and the mean value was re• ported for a given posture and state of training. Stroke volume data at a similar heart rate and mean blood pressure were also reported. Mean blood pressure was used as an index of afterload to facilitate interpretation of these results (22) . Oxygen uptake, cardiac output, heart rate, mean blood pressure and total peripheral resistance data were reported at two equivalent submaximal work rates during upright (800 ± 86 and 1,033 ± 71 kilopond-meter x min -I) and supine exercise (763 :t 99 and 1,000 :t 89 kilopond-meter x min-I).
Echocardiography. M-mode echocardiograms were re• corded during both upright and supine bicycle exercise in the trained state and after 3 and 8 weeks of inactivity. An Ekoline-20A ultrasonoscope (Smith-Kline) with a 2.25 MHz unfocused transducer, interfaced to a Cambridge multi• channel strip chart recorder, was used to obtain these trac• ings as previously described (23) . Two to four tracings were obtained during each period of submaximal exercise; all were taken during determination of cardiac output. The po• sition of the transducer was maintained perpendicular to the chest wall so that the left ventricle was visualized just below the tips of the mitral valve leaflets. Subjects were assisted in restricting movement of the torso. To minimize bias, echocardiographic data were coded and selected for inclu• sion in blinded fashion on the basis of anatomic landmark clarity and technical quality, before measurement of cardiac dimensions. For enhancement of reliability, many more beats were measured than is customary. The mean number of measured beats/subject ranged from 16 :t 5 to 34 :t 7 in the upright posture and 18 :t 5 to 28 :t 5 in the supine posture at various stages of training. Tracings from one subject were judged technically inadequate and not included in the results.
The left ventricular end-diastolic dimension was defined as the distance between the left side of the interventricular septum and the posterior endocardial wall at the onset of the QRS complex of the electrocardiogram. The left ven• tricular end-systolic dimension was taken to be the smallest perpendicUlar distance from the posterior endocardial wall endocardium to the left side of the interventricular septum. Left ventricular fractional shortening percent, which cor-JACC Vol 7, No 5 Mal 1986 982-9 relates closely with ejection fraction, was calculated as: fractional shortening percent ([left ventricular end-diastolic dimension -left ventricular end-systolic dimension] x lOO)/left ventricular end-diastolic dimension. Systolic blood pressure/left ventricular end-systolic dimension was used as an index of left ventricular contractile function (24) . Left ventricular mass was estimated from echocardiograms taken at rest as described by Troy et al. (25) with the use of measurements of left ventricular end-diastolic dimension and left ventricular posterior wall thickness at end-diastole. Left ventricular posterior wall thickness was defined as the distance between the electrically damped posterior wall epi• cardial signal and the undamped endocardial signal.
Poliner et al. (26) showed that there was little difference in left ventricular dimensions or contractility over the range of submaximal exercise heart rates achieved by our subjects. We also found no consistent change in either of these vari• ables at the exercise intensities selected. Therefore, average left ventricular end-diastolic and end-systolic dimensions and other derived values from all work rates in each posture and activity state were reported. However, to control for the effect of heart rate on preload and contractility, the values for left ventricular end-diastolic dimension and sys• tolic blood pressure/left ventricular end-systolic dimension were compared at equivalent heart rates. To define the role of preload, the subjects were studied in the upright and supine postures. The variability of echocardiographic mea• surements was characterized by determination of the mean coefficient of variation for the echocardiographic variables during steady state exercise. Coefficient of variation was defined as standard deviation/mean x 100%. The mean coefficient of variation was determined for each posture and for each state of training. At 2 months it had fallen 20% to 3.56 ± 0.15 liters/min (p < 0.01 compared with the value during training). No significant further reduction in maximal oxygen uptake was evident at 12 weeks. There were no changes in oxygen uptake at the same absolute work rates at any time during the study (Table 1) .
Exercise cardiac output, heart rate and stroke volume ( Table 1) . Results of preliminary studies from our labo-MARTIN ET AL PRELOAD AND PHYSICAL DECONDITIONING 985 ratory demonstrated a mean coefficient of variation of 6.5% for triplicate detenninations of exercise cardiac output dur• ing 100 exercise periods. The test-retest correlation in 10 subjects studied on 2 separate days in the same state of training was 0.98. There was no significant effect of exercise intensity on stroke volume. In the trained state, upright and supine exercise cardiac output and heart rate were similar during submaximal exercise. Hence, mean stroke volume at all work rates was not significantly different for the two postures (151 ± 10 ml upright versus 155 ± 12 ml supine). During inactivity, there was a tendency for exercise cardiac output at the same absolute work rate to increase in the supine posture resulting in a slightly higher exercise cardiac output in the supine versus the upright position after 2 months of deconditioning. Exercise heart rate at the same work rate rose progressively with duration of inactivity. However, the downward adjustment in the highest and lowest work rates as inactivity progressed resulted in only a slight rise in mean heart rate when results from all work rates were averaged.
The effect of inactivity on exercise stroke volume was posture dependent (Fig. lA) . Three weeks after cessation of training, mean upright stroke volume had declined sig• nificantly (136 ± 10 versus 151 ± 10 ml for subjects in the trained state; p < 0,005). This decrease was even more pronounced at 8 and 12 weeks (125 ± 6 and 129 ± 9 ml, respectively; both p < 0.005). A statistically significant fall in mean stroke volume did not occur in the supine posture (149 ± 12 ml at 3 weeks and at 8 weeks and 144 ± 12 ml at 12 weeks of inactivity). Hence, with inactivity, stroke volume was lower and its percent reduction greater with upright compared with supine posture.
Left ventricular dimensions, mass and fractional shortening. Paralleling the inactivity-induced decrease in stroke volume that occurred only with upright exercise, there out inactivity, the percent change of mean left ventricular end-diastolic dimension was significant for upright but not supine exercise (Fig. lB) . Inactivity was associated with a decrement in left ventricular end-diastolic dimension for upright posture even when heart rate was similar (Fig. 2 ). Despite differences in posture and training state, stroke volume was highly correlated with left ventricular end-di• astolic dimension in each individual subject (Fig. 3) . The correlation coefficient ranged from 0.80 to 0.95. The overall correlation between stroke volume and left ventricular end• diastolic dimension was statistically significant with subjects in both the untrained and the trained state (both p < 0.02) (Fig. 4) . The changes in left ventricular end-systolic dimension induced by inactivity were not statistically significant. Three weeks after cessation of training, upright end-systolic di• mension was 2.7 ± 0.2 versus 2.9 ± 0.3 cm initially. Supine end-systolic dimension was identical under both con• ditions (3.1 ± 0.3 cm). Eight weeks after the subjects became sedentary, left ventricular end-systolic dimension was 2.6 ± 0.1 cm in the upright and 3.0 ± 0.5 cm in the supine posture. Fractional shortening percent remained sim• ilar for both postures throughout the study.
Deconditioning was associated with a regression of left ventricular hypertrophy. Left ventricular posterior wall thickness declined progressively from 0.8 ± 0.04 cm in the trained state to 0.7 ± 0.1 cm after 3 weeks and 0.6 ± 0.1 cm after 8 weeks (p < 0.05) of inactivity. However, the reduction in estimated left ventricular mass appeared to be complete after 3 weeks (124 ± 14 gat 3 weeks and 124 ± 15 g at 8 weeks, both p < 0.05 compared with 154 ± 12 g for the trained state) (Fig. 5) .
Reproducibility of echocardiographic results.
Echocardiographic variability for the left ventricular end• diastolic dimension was only slightly greater with exercise than at rest (23) . Coefficients of variation ranged from 3.6 to 4.7% at a given exercise intensity for the supine posture and from 4.3 to 5.5% for upright exercise. Mean blood pressure, total peripheral resistance and systolic blood pressure/left ventricular end-systolic di- (Table 1) . For the trained state, mean exercise blood pressure was slightly higher in the supine than in the upright posture, Deconditioning resulted in a significant el• evation of mean blood pressure with upright (p = 0,04) but not with supine exercise at the lowest work rate, A trend for similar results was evident at the higher work rate (p = 0,15), Therefore, for the detrained state, blood pressure in the upright and supine postures was nearly equal. Total peripheral resistance during upright exercise also tended to increase with detraining (p == 0.06 and 0, 17 at work rates I and II, respectively), However, stroke volume during up• right exercise was lower with subjects in the detrained state even when heart rate and mean blood pressure were similar (Fig, 6 ). The decline of upright exercise stroke volume with detraining was not associated with significant changes in systolic blood pressure/left ventricular end-systolic dimen• sion at a similar submaximal heart rate ( Fig. 7) .
Discussion
Our results indicate that detraining even without in• creased bed rest leads to reductions in stroke volume and HEART RATE (Beats/Min) left ventricular end-diastolic dimension with upright but not supine exercise in young healthy subjects previously well conditioned by many years of endurance training in the upright posture, The linear relation between left ventricular end-diastolic dimension and stroke volume, independent of posture or training status, and the absence of a significant decrease in stroke volume or end-diastolic dimension with supine exercise at comparable work rates even after 2 months of inactivity suggest that augmented preload is a critical determinant of the adaptive increase of stroke volume in response to regularly performed upright endurance exercise, In this context, a linear relation between preload (end-di• astolic volume) and left ventricular stroke work has been reported recently (27) , Effects of heart rate, afterload and contractil• ity. Other factors besides preload that could affect stroke volume include changes in heart rate, afterload and myo• cardial contractility. The relative tachycardia induced by deconditioning does not explain the observed fall of upright exercise stroke volume. After inactivity, stroke volume and left ventricular end-diastolic dimension were greater with supine than with upright exercise at any given heart rate. Changes in afterload are also not likely to explain these findings. Afterload can be approximated by estimates of left ventricular systolic wall stress, Wall stress is directly pro• portional to left ventricular dimensions and pressure and indirectly related to left ventricular posterior wall thickness (28), In our subjects, there was no significant effect of inactivity on left ventricular end-systolic dimension during upright exercise. Although we did not measure left ven• tricular pressure, stroke volume at a given mean blood pres• sure during exercise was lower after detraining. Mean blood pressure is considered to be a major determinant of afterload (22) , Inactivity resulted in a somewhat higher mean blood pressure with upright exercise of the same absolute intensity . However, an acute increase in afterload results in a decline in stroke volume because of greater end-systolic volume which, in the normal heart, is generally followed by a sec• ondary rise in end-diastolic volume (29) . In our subjects the decrease in upright stroke volume with detraining was as• sociated with a reduced left ventricular end-diastolic di• mension. Therefore, even at the same absolute work rate, it is unlikely that the lower stroke volume was mediated by increased afterload. We did not directly estimate left ven• tricular systolic wall stress because of limitations and dif• ficulties in making accurate simultaneous measurements of blood pressure and left ventricular posterior wall thickness during exercise. To our knowledge, noninvasive ultrasound techniques for estimating left ventricular systolic wall stress have been validated only at rest (30) .
There was no evidence that the lower stroke volume was caused by deterioration of myocardial contractility. Both fractional shortening and the systolic blood pressure/left ventricular end-systolic dimension ratio at a given heart rate during upright exercise were unchanged after inactivity.
Mechanisms. Although endurance training is known to enhance exercise stroke volume in humans (1) (2) (3) (4) , the mech• anisms responsible for this adaptation are controversial. Bar• Shlomo et al. (12) reported that ventricular performance during maximal supine exercise is enhanced in athletes. Rerych et al. (6) found no change in ejection fraction but a substantially larger end-diastolic volume during upright exercise after training. Both left ventricular performance and end-diastolic volume were found to be greater in athletes undergoing semirecumbent exercise (31) . Such disparities may be attributable in part to the differential effects of posture on preload during exercise, as suggested by our results. However, increased cardiac filling during upright exercise appears to be one of the important mechanisms accounting for the greater upright exercise stroke volume seen in athletes. Volume overload left ventricular hyper• trophy may play a role in maintaining relatively constant left ventricular wall stress under increased loading condi• tions (13) .
Factors that potentially affect cardiac filling during ex• ercise include total blood or plasma volume, pericardial and myocardial compliance, active diastolic relaxation and ar• teriolar and venomotor tone. Rerych et al. (6) found that swimming training increased total body blood volume by 35%. However, others (3,32) observed much smaller changes after physical conditioning. The effect of acute expansion of blood volume on maximal cardiac output or exercise capacity is variable (33, 34) , possibly because of differences in the level of training. Thus, we are reluctant to attribute our results solely to a decrease in blood or plasma volume with detraining. It appears possible that endurance training in the upright posture may result in specific adaptations such as increased venomotor tone that facilitate cardiac filling during upright exercise. In addition, exercise-induced car• diac dilation could produce distention of the pericardium such that pericardial compliance remains greater after de• training than in the untrained state. In this context, Stray• Gunderson et al. (35) resulted in a rise in exercise stroke volume in the untrained dog. Previous studies. Our results are consistent with those of Bevegard et al. (5) , who showed that, compared with untrained subjects, well trained cyclists had higher cardiac filling pressures and more modest relative differences be• tween exercise stroke volume in the supine versus the up• right position. Furthermore, Saltin et al. (3) reported no effect of training on average stroke volume at similar ab• solute work rates in the supine posture, but an increase in stroke volume of more than 10% with upright exercise. Convertino et al. (36) found that bed rest was associated with a greater decline in peak oxygen uptake with upright compared with supine posture.
Cardiac enlargement has been reported (37, 38) to persist for many years after previous training and athletic compe• tition. However, this conclusion was based largely on ra• diographic criteria that may be insensitive for detecting mod• est changes in left ventricular dimensions. The current results confirm and extend previous observations from our labo• ratory (7) and indicate that physiologic cardiac hypertrophy is rapidly and perhaps completely reversible even after many years of strenuous endurance training. In previous studies in experimental animals (39-41) a similar rapid regression of cardiac hypertrophy of diverse etiology (for example, in response to aortic banding, hyperthyroidism, chronic ex• ercise) was observed after removal of the inciting stimulus.
Limitations. The limitations of M-mode echocardio• grams are well recognized. However, the variability of the indexes measured in our study was small. Furthermore, the parallel changes of left ventricular end-diastolic dimension and stroke volume determined by independent techniques support the validity of the M-mode echocardiographic re• sults. Beat to beat variability during upright exercise, as assessed by the coefficient of variation, was only 2 to 3% greater than that seen during supine rest. Some of the var• iability is likely to be biologic and associated with effects of the increased depth and frequency of respiration during exercise, although left ventricular dimensions vary less with respiration than do those of the right ventricle (42) . We recognize that the number of subjects in our study was relatively small. However, it is difficult to recruit highly trained athletes who are willing to stop exercising for even a few weeks.
Conclusions. The results of this study obtained with two independent noninvasive methods indicate that augmenta• tion of exercise stroke volume in endurance athletes who have trained in the upright posture reflects enhanced preload, and that the decrease of stroke volume with inactivity be• comes detectable with upright posture as a consequence of decreased cardiac filling. Deconditioning, even after many years of previous intense training, leads to the rapid loss of augmented preload and concomitant regression of left ven• tricular hypertrophy.
